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Textbooks
• Course outline: LADA 

• Lectures on 
Algorithm Design & 
Analysis (slides)


• Course contents 

• Algorithm Design and 
Analysis

More info about this book: 
https://zhuanlan.zhihu.com/p/24150569



Textbooks
• Further reading 

• Introduction to Algorithms (CLRS)


• Algorithms


• Algorithm Design


• Computer Algorithms*

https://walkccc.me/CLRS/





Course Websites
•算法QQ群 

• 1025338112


• Online Judge平台 

• Coming soon



Criteria of Assessment

•作业 20% 

• 纸质作业


• OJ平台


•期中考试 20% 

•期末考试 60%



Algorithm Design & Analysis

• Algorithm - the spirit of computing 

• Model of computation


• Algorithm by example 

• Greatest common divisor


• Sequential search



Algorithm Design & Analysis

• Algorithm design & analysis 

• Design: correctness


• Analysis: worst-case / average-case cost



Computer and Computing

• Problem 1: why the computer seems to be able 
to do anything? 

• Scientific computing, document processing, 
computer vision, movies, computer games, …
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Computer and Computing

• Problem 2: what can / cannot be efficiently done by 
a computer? 

• Manage millions of songs v.s. music composition



Computing in Everyday Life
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Rebuild the world

With 0s and 1s



Computer and Computing
• Computing 

• Encoding everything into ‘0’s 
and ‘1’s


• Operations over ‘1’s and ‘0’s


• Decoding the ‘1’s and ‘0’s


• Turing machine 

• An abstract/logical computer





Algorithm

• Algorithm is the spirit of computing 

• To solve a specific problem (so-called an 
algorithmic problem)


• Combination of basic operations


• in a precise and elegant way



Algorithm

• Essential issues 

• Model of computation


• Algorithm design


• Algorithm analysis



Model of Computation
• Problems 

• Why the algorithms we learn can run almost everywhere?


• Why the algorithms we learn can be implemented in any 
language?


• Machine- and language- independent algorithms, running 
on an abstract machine 

• Turing machine: over-qualify


• RAM model: simple but powerful



RAM Model

ProgramLocation

counter

x1 x2 … xn

y1 y2

Read-only 
input tape

Write-only 
output tape…

…

r0
r1
r2
r3

Memory

Accumulator



The RAM Model of 
Computation

• Each simple operation takes one time step 

• E.g., key comparison, +/-, memory access, …


• Non-simple operations should be decomposed 

• Loop


• Subroutine

• Memory 

• Memory access is simple operation


• Unlimited memory

Tradeoff: accuracy v.s. ease of use



To Create an Algorithm
• Algorithm design 

• Composition of simple operations, to solve an algorithmic 
problem


• Algorithm analysis 

• Amount of work done / memory used


• In the worst/average case


• Advanced issues


• Optimality, approximation ratio, …



Algorithm by Example

• Algorithmic Problem 1 

• Find the greatest common divisor of two non-
negative integers m and n


• Algorithmic Problem 2 

• Is a specific key K stored in array E[1..n]?



Probably the Oldest 
Algorithm

• Euclid Algorithm 

• Find the greatest common 
divisor of two non-negative 
integers m and n

Specification

Input:    non-negative integer m, n

Output: gcd(m, n)

Euclid algorithm

[E1] n divides m, the remainder -> r

[E2] if r=0 then return n

[E3] n -> m; r -> n; goto E1

Euclid algorithm - recursive version

Euclid(m, n)

[E1] if r=0 then return m

[E2] else return Euclid(n, m mod n)



Sequential Search

• Problem 

• Search an array for a 
specific key

Specification
Input:    K, E[1..n]

Output: Location of K (1,2,…,n; -1: K is 
not in E[])

Sequential search
int seqSearch(int[] E, int n, int K)

    int ans, index;

    ans = -1;

    for(index = 1; index <= n; index ++)

        if(K==E[index])

            ans = index;

            break;

    return ans;




Algorithm Design
• Criteria 

• Defining correctness


• Main challenge 

• For proving correctness


• Our strategy 

• Mathematical induction


• …

Specification

Input:    non-negative integer m, n

Output: gcd(m, n)

Main challenge

The output is always correct, for any 
legal input.

Infinite possible inputs

Mathematical induction

Weak principle

Strong principle



For Your Reference
• Mathematical induction

The Weak Principle of Mathematical Induction

If the statement p(b) is true and the statement p(n-1) => p(n) is true 
for all n>b, then p(n) is true for all integers n>=b.

The Strong Principle of Mathematical Induction

If the statement p(b) is true,  and the statement {p(b) and p(b+1) and 
… and p(n-1) => p(n)} is true, for all n>b, then p(n) is true for all 
integers n>=b.



Correctness of 

the Euclid Algorithm

• Induction on n 

• Base case


• n = 0: for any m, Euclid(m, 0) = m;

• n = 1: for any m, Euclid(m, 1) = 1;

• n = 2: …


• Assumption


• For any n≤N0, Euclid(m, n) is correct;


• Induction


• Euclid(m, N0+1) = Euclid(N0+1, m mod (N0+1));



Notes on Induction

“Notes on Structured Programming”, E.W. Dĳkstra

I have mentioned mathematical induction explicitly, because it is the 
only pattern of reasoning that I am aware of, that eventually enables 
us to cope with loops and recursive procedures.



Algorithm Analysis
• Criteria 

• Performance metrics


• Worst case 

• Best case?


• Average case 

• Average cost?


• Advanced topics 

• Lower bound, optimality, …



Algorithm Analysis
• How to measure 

• Not too general


• Giving essential indication in comparison of algorithms


• Not too precise


• Machine independent


• Language independent


• Programming paradigm independent


• Implementation independent



Algorithm Analysis
• Criteria 

• Critical operation


• How many critical operation are conducted


• For example
Algorithmic problem Critical operation

Sorting, selection, searching

String matching Comparison (of keys)

Graph traversal Processing a node/edge

Matrix multiplication Multiplication



Algorithm Analysis
• Amount of work done 

• usually depends on size of the input


• usually does not depend on size of the input only

Algorithm

Analysisn

size of input

f(n)

amount of work done



Worst-case Complexity

• W(n) 

• Upper bound of cost


• For any possible input


• W (n) = max
I2Dn

f(I)
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Average-case Complexity
• A(n) 

• Weighted average


• A special case 

• Average cost


• Total cost of all inputs, averaged over the input size


•

A(n) =
X

I2D(n)

Pr(I)f(I)
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A(n) =
1

|D(n)|
X

I2D(n)

f(I)
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Average-case Cost

of SeqSearch

• Case 1: K is in E[ ] 

• Assumptions:


• Assuming that K is in E[ ]


• Assuming no same entries in E[ ]


• Each possible input appears with equality (thus, K in 
the ith location with probability 1/n)

Asucc(n) =
n�1X

i=0

Pr(Ii|succ)t(Ii) =
n�1X

I=0

1

n
(i+ 1) =

n+ 1

2
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Average-case Cost

of SeqSearch

• Case 2: K may (or may not) be in E[ ] 

• Assume that K is in E[ ] with probability q

A(n) = Pr(succ)Asucc(n) + Pr(fail)Afail(n)
<latexit sha1_base64="rLf3IodPqfd2wJ6lY6M2kR1pDuw=">AAACFXicbZBNS8NAEIYn9avWr6hHL8EitCglEUEvQqsXjxXsB7QhbLabdulmE3Y3Qgn9E178K148KOJV8Oa/cdPmoNWBZV6emWF2Xj9mVCrb/jIKS8srq2vF9dLG5tb2jrm715ZRIjBp4YhFousjSRjlpKWoYqQbC4JCn5GOP77O6p17IiSN+J2axMQN0ZDTgGKkNPLMk0aFVy+boiITjKsNL83yVLNjzQJEWcaynDHPLNs1exbWX+Hkogx5ND3zsz+IcBISrjBDUvYcO1ZuioSimJFpqZ9IEiM8RkPS05KjkEg3nV01tY40GVhBJPTjyprRnxMpCqWchL7uDJEaycVaBv+r9RIVXLgp5XGiCMfzRUHCLBVZmUXWgAqCFZtogbCg+q8WHiGBsNJGlrQJzuLJf0X7tObYNef2rFy/yu0owgEcQgUcOIc63EATWoDhAZ7gBV6NR+PZeDPe560FI5/Zh19hfHwDkM6dMw==</latexit><latexit sha1_base64="rLf3IodPqfd2wJ6lY6M2kR1pDuw=">AAACFXicbZBNS8NAEIYn9avWr6hHL8EitCglEUEvQqsXjxXsB7QhbLabdulmE3Y3Qgn9E178K148KOJV8Oa/cdPmoNWBZV6emWF2Xj9mVCrb/jIKS8srq2vF9dLG5tb2jrm715ZRIjBp4YhFousjSRjlpKWoYqQbC4JCn5GOP77O6p17IiSN+J2axMQN0ZDTgGKkNPLMk0aFVy+boiITjKsNL83yVLNjzQJEWcaynDHPLNs1exbWX+Hkogx5ND3zsz+IcBISrjBDUvYcO1ZuioSimJFpqZ9IEiM8RkPS05KjkEg3nV01tY40GVhBJPTjyprRnxMpCqWchL7uDJEaycVaBv+r9RIVXLgp5XGiCMfzRUHCLBVZmUXWgAqCFZtogbCg+q8WHiGBsNJGlrQJzuLJf0X7tObYNef2rFy/yu0owgEcQgUcOIc63EATWoDhAZ7gBV6NR+PZeDPe560FI5/Zh19hfHwDkM6dMw==</latexit><latexit sha1_base64="rLf3IodPqfd2wJ6lY6M2kR1pDuw=">AAACFXicbZBNS8NAEIYn9avWr6hHL8EitCglEUEvQqsXjxXsB7QhbLabdulmE3Y3Qgn9E178K148KOJV8Oa/cdPmoNWBZV6emWF2Xj9mVCrb/jIKS8srq2vF9dLG5tb2jrm715ZRIjBp4YhFousjSRjlpKWoYqQbC4JCn5GOP77O6p17IiSN+J2axMQN0ZDTgGKkNPLMk0aFVy+boiITjKsNL83yVLNjzQJEWcaynDHPLNs1exbWX+Hkogx5ND3zsz+IcBISrjBDUvYcO1ZuioSimJFpqZ9IEiM8RkPS05KjkEg3nV01tY40GVhBJPTjyprRnxMpCqWchL7uDJEaycVaBv+r9RIVXLgp5XGiCMfzRUHCLBVZmUXWgAqCFZtogbCg+q8WHiGBsNJGlrQJzuLJf0X7tObYNef2rFy/yu0owgEcQgUcOIc63EATWoDhAZ7gBV6NR+PZeDPe560FI5/Zh19hfHwDkM6dMw==</latexit><latexit sha1_base64="rLf3IodPqfd2wJ6lY6M2kR1pDuw=">AAACFXicbZBNS8NAEIYn9avWr6hHL8EitCglEUEvQqsXjxXsB7QhbLabdulmE3Y3Qgn9E178K148KOJV8Oa/cdPmoNWBZV6emWF2Xj9mVCrb/jIKS8srq2vF9dLG5tb2jrm715ZRIjBp4YhFousjSRjlpKWoYqQbC4JCn5GOP77O6p17IiSN+J2axMQN0ZDTgGKkNPLMk0aFVy+boiITjKsNL83yVLNjzQJEWcaynDHPLNs1exbWX+Hkogx5ND3zsz+IcBISrjBDUvYcO1ZuioSimJFpqZ9IEiM8RkPS05KjkEg3nV01tY40GVhBJPTjyprRnxMpCqWchL7uDJEaycVaBv+r9RIVXLgp5XGiCMfzRUHCLBVZmUXWgAqCFZtogbCg+q8WHiGBsNJGlrQJzuLJf0X7tObYNef2rFy/yu0owgEcQgUcOIc63EATWoDhAZ7gBV6NR+PZeDPe560FI5/Zh19hfHwDkM6dMw==</latexit>

= q
n+ 1

2
+ (1� q)n

<latexit sha1_base64="OGujBPS4oAifi7H6t7bptGy/3vc=">AAAB/3icbVDLSgNBEOyNrxhfUcGLl8UgRIJhJwh6EYJePEYwD0iWMDuZTYbMzm5mZoWw7sFf8eJBEa/+hjf/xsnjoNGChqKqm+4uL+JMacf5sjJLyyura9n13Mbm1vZOfnevocJYElonIQ9ly8OKciZoXTPNaSuSFAcep01veD3xm/dUKhaKOz2OqBvgvmA+I1gbqZs/uBx1fIlJIkooTSppqYhORyfGKDhlZwr7L0FzUoA5at38Z6cXkjigQhOOlWojJ9JugqVmhNM014kVjTAZ4j5tGypwQJWbTO9P7WOj9Gw/lKaEtqfqz4kEB0qNA890BlgP1KI3Ef/z2rH2L9yEiSjWVJDZIj/mtg7tSRh2j0lKNB8bgolk5labDLCJQ5vIciYEtPjyX9KolJFTRrdnherVPI4sHMIRFAHBOVThBmpQBwIP8AQv8Go9Ws/Wm/U+a81Y85l9+AXr4xsRz5TS</latexit><latexit sha1_base64="OGujBPS4oAifi7H6t7bptGy/3vc=">AAAB/3icbVDLSgNBEOyNrxhfUcGLl8UgRIJhJwh6EYJePEYwD0iWMDuZTYbMzm5mZoWw7sFf8eJBEa/+hjf/xsnjoNGChqKqm+4uL+JMacf5sjJLyyura9n13Mbm1vZOfnevocJYElonIQ9ly8OKciZoXTPNaSuSFAcep01veD3xm/dUKhaKOz2OqBvgvmA+I1gbqZs/uBx1fIlJIkooTSppqYhORyfGKDhlZwr7L0FzUoA5at38Z6cXkjigQhOOlWojJ9JugqVmhNM014kVjTAZ4j5tGypwQJWbTO9P7WOj9Gw/lKaEtqfqz4kEB0qNA890BlgP1KI3Ef/z2rH2L9yEiSjWVJDZIj/mtg7tSRh2j0lKNB8bgolk5labDLCJQ5vIciYEtPjyX9KolJFTRrdnherVPI4sHMIRFAHBOVThBmpQBwIP8AQv8Go9Ws/Wm/U+a81Y85l9+AXr4xsRz5TS</latexit><latexit sha1_base64="OGujBPS4oAifi7H6t7bptGy/3vc=">AAAB/3icbVDLSgNBEOyNrxhfUcGLl8UgRIJhJwh6EYJePEYwD0iWMDuZTYbMzm5mZoWw7sFf8eJBEa/+hjf/xsnjoNGChqKqm+4uL+JMacf5sjJLyyura9n13Mbm1vZOfnevocJYElonIQ9ly8OKciZoXTPNaSuSFAcep01veD3xm/dUKhaKOz2OqBvgvmA+I1gbqZs/uBx1fIlJIkooTSppqYhORyfGKDhlZwr7L0FzUoA5at38Z6cXkjigQhOOlWojJ9JugqVmhNM014kVjTAZ4j5tGypwQJWbTO9P7WOj9Gw/lKaEtqfqz4kEB0qNA890BlgP1KI3Ef/z2rH2L9yEiSjWVJDZIj/mtg7tSRh2j0lKNB8bgolk5labDLCJQ5vIciYEtPjyX9KolJFTRrdnherVPI4sHMIRFAHBOVThBmpQBwIP8AQv8Go9Ws/Wm/U+a81Y85l9+AXr4xsRz5TS</latexit><latexit sha1_base64="OGujBPS4oAifi7H6t7bptGy/3vc=">AAAB/3icbVDLSgNBEOyNrxhfUcGLl8UgRIJhJwh6EYJePEYwD0iWMDuZTYbMzm5mZoWw7sFf8eJBEa/+hjf/xsnjoNGChqKqm+4uL+JMacf5sjJLyyura9n13Mbm1vZOfnevocJYElonIQ9ly8OKciZoXTPNaSuSFAcep01veD3xm/dUKhaKOz2OqBvgvmA+I1gbqZs/uBx1fIlJIkooTSppqYhORyfGKDhlZwr7L0FzUoA5at38Z6cXkjigQhOOlWojJ9JugqVmhNM014kVjTAZ4j5tGypwQJWbTO9P7WOj9Gw/lKaEtqfqz4kEB0qNA890BlgP1KI3Ef/z2rH2L9yEiSjWVJDZIj/mtg7tSRh2j0lKNB8bgolk5labDLCJQ5vIciYEtPjyX9KolJFTRrdnherVPI4sHMIRFAHBOVThBmpQBwIP8AQv8Go9Ws/Wm/U+a81Y85l9+AXr4xsRz5TS</latexit>

How to make reasonable assumptions?



Algorithm Analysis

• Advanced topics 

• Lower bound (Selection)


• Optimality (Greedy, DP)


• Computation complexity


• Approximate / online / randomized algorithms



Thank you!

Q & A


